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I.  INTRODUCTION. 


Rifling  in  a gun  tube  consists  of  a number  of  equally  spaced 
helical  grooves  cut  in  the  bore  of  a gun,  beginning  in  front  of  the 
powder  chamber  and  extending  to  the  muzzle.  These  grooves  impart 
rotation  to  the  projectile  which  is  necessary  to  insure  stability 
in  flight  (see  figure  1 ).  Because  projectiles  must  have  a par- 
ticular spin  or  rotation,  deviations  in  the  rifling  twist  can  cause 
variations  in  the  projectiles  performance. 

The  rifling  twist  at  any  point  is  the  inclination  of  a groove 
to  the  axis  of  the  bore  and  is  usually  expressed  in  terms  of  calibers 
of  length  in  which  a groove  completes  one  turn  (360°),  one  caliber 
being  the  bore  diameter.  For  example,  the  rifling  twist  for  the 
105mm.  M68  is  "1  turn  in  18  calibers"or  one  turn  in  74.412  inches. 

The  tolerance  on  the  twist  is  usually  expressed  as  a linear  zone 
in  which  one  turn  is  completed,  e.g.  "one  turn  in  74.412  ± .1,25.' 

II.  MANUFACTURING  METHODS 

Presently,  at  Watervliet  Arsenal  broaching  is  used  to  produce 
rifling  in  gun  tubes. 

Rifling  produced  by  broaching  utilizes  a rotating  rifling  bar, 
pushing  a series  of  progressively  larger  cutters  through  a gun  tube, 
(see  figure  2 ).  The  rotation  is  imparted  to  the  rifling  bar  by  a 
stationary  pin  which  projects  into  a single  helical  groove  on  the  bar 
whose  path  is  the  prescribed  rifling  twist  of  the  cannon  tube.  As  the 
rifling  bar  is  moved  longitudinally,  rotation  of  the  rifling  bar  occurs 
and  a specific  angle  of  rotation  is  generated  for  a given  distance 
traveled  longitudinally. 
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In  the  near  future  "Rotary  Forging"  will  also  be  used  to  produce 
the  rifling  in  gun  tubes. 

"Rotary  Forging"  is  a forming  process  in  which  the  workpiece  or 
tube  is  rotated  as  it  passes  through  four  symmetrically  located 
hammers  (see  figure  3,4) pounding  the  workpiece  around  a precision 
mandrel.  The  mandrel  used  has  the  rifling  form  on  its  outside  diameter. 
III.  PRESENT  METHOD  OF  INSPECTION 

In  both  methods,  broaching  or  rotary  forging,  a form  tool  is 
used  to  produce  the  rifling.  The  present  method  of  calibrating  the 
rifling  machine  utilizes  a laser  interferometer  to  measure  the  cutters 
linear  displacement  and  a rotary  encoder  to  measure  the  angular 
rotation.  The  mandrels  for  the  rotary  forge  are  checked  on  precision 
rotating  centers  at  accurately  controlled  linear  increments.  Both 
methods  give  an  accurate  representation  of  what  twist  is  expected 
from  the  rifling  machine  or  mandrel. 

Until  recently  there  has  not  been  a convenient  or  accurate 
method  of  inspecting  the  twist  in  a finished  machined  gun  tube.  It 
was  assumed  that  the  twist  was  a reproduction  of  the  rifling  bar 
groove  or  the  rifling  profile  on  the  outside  diameter  of  the  mandrel. 

However,  many  factors  influence  the  machining  process  which 
cause  changes  in  the  actual  rifling  twist  machined  or  formed.  These 
changes  are  caused  by: 

1.  Torqueing-up  of  the  rifling  bar. 

2.  Changes  caused  by  the  loading-up  of  the  cutters. 
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3.  Geometry  changes  due  to  changing  distances  between  the  key 
in  the  rifling  bar  and  the  cutters. 

4.  Keyway  or  key  wear. 

5.  Manufacturing  tolerances. 

6.  Variations  in  the  movement  of  the  tube  over  the  mandrel 
causing  incorrect  rifling  helix. 

IV.  SYSTEM  DESIGN  AND  CONSTRUCTION 

The  object  of  the  rifling  twist  project  was  to  design  and  build 
an  inspection  system  to  accurately  measure  the  rifling  twist  in  the 
finished  tube,  (see  figure  5 ) 

The  system  designed  is  basically  a two  part  system.  Part  one 
consists  of  a head  assembly  (see  figure  6 ) with  an  angular  measuring 
encoder  mounted  internally  and  a spring  loaded  drive  pin  on  its  outside 
diameter.  As  the  head  assembly  is  pushed  through  the  gun  tube,  it  is 
rotated  by  the  spring  loaded  drive  pin  engaged  in  a rifling  groove. 

(see  figure  7 ).  A lead  pendulum  inside  the  head  assembly  is  mounted 
to  the  angular  measuring  encoder's  shaft.  As  the  body  of  the  encoder 
is  rotating  with  the  head  assembly, the  pendulum  remains  stationary 
relative  to  gravity.  The  relative  rotational  displacement  is  a 
measurement  of  the  groove  twist  over  a given  linear  distance. 

Part  two  is  a linear  distance  measuring  device  which  is  a 
commercial  item,  (see  figure  8 ).  Basically,  it  consists  of  a rotary 
encoder  attached  to  an  output  drum  wound  with  an  invar  tape.  This 
assembly  is  mounted  on  a fixture  which  attaches  to  the  muzzle  end  of 
the  tube,  (see  figure  9 ).  The  head  assembly  is  pushed  through  the 
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tube  to  the  muzzle  end  and  the  invar  tape  is  attached  to  the  head 
assembly.  As  the  head  assembly  is  pulled  back,  the  invar  tape 
unwinds  off  the  drum  and  the  resulting  rotation  of  the  drum  is 
converted  to  the  linear  distance  traveled  and  displayed. 

A thermal  printer  is  interfaced  to  the  angular  and  linear 
readouts.  At  each  prescribed  position  along  the  bore  both  angular 
and  linear  measurements  shown  on  the  displays  are  recorded  by  means 
of  a remote  switch.  Recording  of  data  can  then  be  filed  for  future 
reference  or  analysis. 

The  angular  and  linear  measurements  recorded  are  then  used  to 
determine  linear  locational  error  at  each  point  inspected. 

The  formula  used  to  determine  linear  locational  error  is  shown 

below: 


Linear  Error  equals: 

Distance  Reading  -(Bore  Dia  X No.  of  Calibers  in  360°^X  Angular  Readi 

' 15D°  / 


ng 


As  the  tube  is  being  checked,  twist  measurements  are  taken  at 
linear  increments;  the  linear  being  the  easier  of  the  two  variables 
to  establish  and  the  linear  display  being  of  the  greater  resolution 
than  the  angular  display.  At  each  linear  position  it  is  necessary  to 
impact  a slight  shock  to  the  tube  to  assist  the  pendulum  in  overcoming 
all  bearing  drag  on  the  encoder  which  may  keep  the  pendulum  from 
settling  to  its  zero  rest  position. 

During  the  design  of  the  head,  it  was  decided  to  centralize  in 

the  rifling  groove  using  a spring  loaded  tapered  drive  pin  thereby 

eliminating  variations  in  the  measured  helix  angle  due  to  changing 
groove  widths. 
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V.  TEST  AND  EVALUATION  RESULTS 


The  accuracy  of  the  rotary  encoder  was  inspected  using  a highly 
accurate  metrology  indexing  instrument  ("VINCO").  The  accuracy  of  the 
encoder  ± .02°  was  checked  using  a pendulum  attached  to  the  encoder 
shaft  as  the  zero  reference. 

The  linear  measurement  system  was  checked  using  a coordinate 
measuring  machine  over  a 100  inch  range  and  was  within  ± .0025  inches. 

The  entire  system  was  then  set-up  and  a series  of  runs  were  made 
in  a 105mm.,  M68  gun  tube. 

Representative  data  obtained  is  shown  and  plotted  in  figure  10 
The  data  is  based  on  the  105mm.,  M68  cannon  tube  which  has  a prescribed 
twist  of  1 turn  in  18  calibers  or  360°  in  74.412  inches  (18  x 4.134) 
of  down  bore  travel.  Four  readings  were  taken  starting  at  the  muzzle 
end  at  12,  3,  6,  and  9 o'clock  positions. 

As  an  example,  the  chart  shows  that  at  30  inches  downbore,  the 
rifling  groove  which  started  at  the  3 o'clock  position  contained  a 
rotational  error  that  equated  to  a .025  inch  downbore  error.  That  is, 
it  was  necessary  to  advance  the  head  assembly  .025  inches  to  achieve 
the  prescribed  145.13°  angular  reading  at  30  inches. 

Angle  = 30  inches  x 360°  = 145.13 

74.412  inches 

The  system  was  also  used  to  measure  the  rifling  twist  in  an  8 inch 
How.,  M201  cannon  tube,  (see  figure  11).  The  outside  diameter  of  the 
head  assembly  was  increased  by  pressing  chimes  over  the  ball  bearing 
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outside  diameter.  The  spring  loaded  drive  pin  was  replaced  by  a 
solid  driving  pin  designed  to  only  contact  the  driving  side  of  the 
rifling  groove  as  requested  by  Product  Engineering  for  this  check. 

The  twist  data  was  sent  to  Product  Engineering  for  evaluation 
to  determine  if  the  rifling  twist  machined  in  the  gun  tube  using  a 
suspect  rifling  bar  could  be  accepted. 

At  the  beginning  of  the  equipment  test  in  the  105mm.,  M68  gun 
tube,  it  became  evident  that  the  spring  loaded  drive  pin  was  not 
performing  its  design  function,  that  is,  rotating  the  head  assembly 
relative  to  the  center  of  the  rifling  groove.  The  small  clearance 
between  the  head  assembly  diameter  and  the  bore  diameter  plus  the 
weight  of  the  head  assembly  produces  greater  drag  than  the  spring 
loaded  drive  pin  is  capable  of  overcoming. 

To  eliminate  this  problem,  the  diameter  or  chimes  that  contact 
the  cannon  bore  were  mounted  on  ball  bearings  (see  figure  6 ). 

This  greatly  reduced  the  rotational  drag  and  allowed  the  drive  pin 
to  accurately  rotate  the  head  assembly  in  respect  to  the  centerline 
of  the  rifling  groove. 

Also  noted  during  these  tests  was  that  the  pendulum  did  not 

always  overcome  all  bearing  drag  to  settle  at  a zero  rest  position 

% 

by  imparting  shock  to  the  gun  tube,  especially  on  a large  gun  tube 
like  the  8 inch.  This  problem  was  overcome  for  the  testing  and 
evaluation  segment  of  the  project  by  taking  special  precautions  and 
compensating  for  this  error  in  the  data. 
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Refinements  will  be  required  prior  to  the  procurement  of 
additional  systems  for  production  inspection  to  insure  the  return 
of  the  pendulum  to  the  zero  rest  position. 

VI.  CONCLUSION 

Based  on  the  testing  and  evaluation  results  it  is  concluded 
that  the  inspection  equipment  developed  and  designed  under  this 
project  provides  a practical  and  effective  means  for  measuring 
rifling  twist  in  gun  tubes.  With  a design  refinement  to  insure 
return  of  the  pendulum  to  a zero  rest  position,  the  equipment 
will  be  adapted  to  measure  rifling  twist  in  a variety  of  different 
cannon  tubes. 

VII.  RECOMMENDED  IMPLEMENTATION 

It  is  recommended  that  work  be  continued  on  design  refinements 
and  upon  completion,  a large  population  of  gun  tubes  be  inspected 
for  rifling  twist  to  determine  the  magnitude  of  variations. 

Studies  could  then  be  undertaken  to  evaluate  the  effects  of 
rifling  twist  variations  upon  projectile  performance. 
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FIGURE  1.  RIFLING  TWIST  IN  GUN  TUBE 
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FIGURE  2.  BROACHING  CUTTER 
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FIGURE  3.  ROTARY  FORGING  - LOCATION  OF  HAMMER,  MANDREL  AND  WORKPIECE 
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FIGURE  4.  ROTARY  FORGING  - SCHEMATIC  OF  FORGING  OVER  MANDREL 
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FIGURE  5.  RIFLING  TWIST  MEASURING  SYSTEM 
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FIGURE  6.  HEAD  ASSEMBLY 
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FIGURE  7.  SPRING  LOADED  DRIVE  PIN 


13 


STORAGE 

DRUM  — ■ 


f 


|—  Q 

«E 

lL  CC  LlI 

□ ^ I 
I —I 

M =>  t/1 
OtD< 

S3£ 


G£ 

*5!  LU 
P-  CL 


U^J 


Ui  ^ 

ck  a: 

CL  Q 


14 


FIGURE  8.  LINEAR  MEASURING  DEVICE  HOUSING 


FIGURE  9.  LINEAR  MEASURING  DEVICE  AND  HOLDING  FIXTURE 
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FIGURE  10.  PLOT  OF  RIFLING  TWIST  MEASUREMENTS 


FIGURE  11.  HEAD  ASSEMBLY  MODIFIED  FOR  INSPECTION  OF  8 IN.  HOW.,  M201 
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Commander,  U.  S.  Army  Electronics  Command,  Fort  Monmouth,  N.  J.  07703 

1 ATTN:  AMS EL- PA- P 
1 AMSEL-CT-DT 

1 AMSEL-TL-DT 

1 AMSEL-WL-DO 

1 AMSEL-VL-D 

1 AMSEL-RD-EA 


No.  of 
Copies 


To 


Commander,  Edgewood  Arsenal, 
1 ATTN:  SAREA-TS-A 
1 SAREA-PA 

1 SAREA-PA-Q 

1 SAREA-PA-T 


Aberdeen  Proving  Ground,  MD  21010 


1 

2 

1 

2 

2 

1 

1 

1 


Commander,  Frankford  Arsenal,  Philadelphia,  PA  19137 
ATTN:  SARFA-A2000 
SARFA-P6000 
SARFA-P3000 
SARFA-K1000 
SARFA-Q1000 
SARFA-N1000 

SARFA-N7100,  Mr.  Mondress 
SARFA-J1000 


Commander,  Picatinny  Arsenal,  Dover,  NJ  07801 
1 ATTN:  SARPA-TS-S,  Mr.  M.  Costello 

1 SARPA-FR-P,  Mr.  H.  DeFazio 

1 SARPA-FR-S,  Mr.  T.  M.  Roach,  Or. 

1 SARPA-FR-G,  Mr.  A.  J.  Clear 

1 SARPA-QA-T,  Mr.  D.  Stein 

1 SARPA-FR-M,  Mr.  W.  Powers 

Commander,  Rock  Island  Arsenal,  Rock  Island,  IL  61201 
1 ATTN:  9320,  Research  and  Development 

1 SARRL-LEQ  Mr.  J.  Hausman 

2 SARRI-LER,  Mr.  W.  Kisner 

1 SARRI-Q,  Mr.  W...  Betts 

1 SARRI-RS,  Mr.  V.  Long 

1 SARRI-R,  Mr.  W.  McHenry 


2 Commander,  Watervliet  Arsenal,  Watervliet,  NY  12189 
1 ATTN:  SARWV-PPI , Mr.  L.  A.  Jette 

1 SARWV-RDS , Mr.  M.  L.  Slawsky 

1 SARWV-RDR,  Dr.  F.  W.  Schmeideshoff 

1 SARWV-QA,  Mr.  J.  J.  Miller 

1 SARWV-QA,  Quality  Assurance  Directorate 


1 

1 

1 

1 

1 

1 

1 

1 


Commander,  U.  S.  Army  Aviation  Systems  Command,  St.  Louis,  MO  63166 
ATTN:  AMSAV-EE 
AMSAV-EEG 
AMSAV-FEE 
AMSAV-LE 
AMSAV-LEP 
AMSAV-LSA 
AMSAV-PV 
AMSAV-EFS 


1 Commander,  1).  S.  Army  Aeronautical  Depot  Maintenance  Center 
(Mail  Stop  55) 

AI7N:  AMSAV-FES,  Mr.  Bee,  Corpus  Christi,  TX  78419 


~7 
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No.  of 
Copies 


To 


1 Director,  U.  S.  Army  Production  Equipment  Agency,  ATTN:  AMXPE-MT 
Rock  Island  Arsenal,  Rock  Island,  IL  61201 

Commander,  Harry  Diamond  Laboratories,  ATTN:  AMXDO-EDE,  Connecticut 

2 Avenue  and  Van  Ness  Street,  NW,  Washington,  DC  20438 

•t 

1 Commander,  U.  S.  Army  Test  & Evaluation  Command,  ATTN:  AMSTE-RA 
Aberdeen  Proving  Ground,  Maryland  21005 

Commander,  U.  S.  Army  White  Sands  Missile  Range,  WSMR,  NM  88002 
1 ATTN:  STEWS- AD- L 
1 STEWS-ID-P 

Commander,  U.  S.  Army  Yuma  Proving  Ground,  Yuma,  AZ  85364 
1 ATTN:  STEYP-MTS 
1 STEYP-ADT 

1 Commander,  U.  S.  Army  Tropic  Test  Center,  ATTN:  STETC-X0-A,  Drawer 
942,  Ft.  Clayton,  CZ 

Commander,  Aberdeen  Proving  Ground,  Maryland  21005 
1 ATTN:  STEAP-MT 

1 STEAP-TL  •; 

1 STEAP-MT-M,  Mr  J.  A.  Feroli  - 

1 STEAP-MT-G,  Mr.  R.  L.  Huddleston 

1 Commander,  U.  S.  Army  Arctic  Test  Center,  ATTN:  STEAC-MO-AS,  APO 
Seattle  98733 

1 Commander,  Dugway  Proving  Ground,  ATTN:  STEPD-TO(D),  Utah  84022 

1 Commander,  U.  S.  Army  Electronic  Proving  Ground,  ATTN:  STEEP-MT 
Ft.  Huachuca,  AZ  85613 

1 Commander,  Jefferson  Proving  Ground,  ATTN:  STEJP-TD-I,  Madison,  IN  47250 

1 President,  U.  S.  Army  Airborne,  Communications  & Electronics  Board 
' ATTN:  STEBF-TD,  Ft.  Bragg,  NC  28307 

1 President,  U.  S.  Army  Air  Defense  Board,  ATTN:  STEBD-TD,  Ft.  Bliss 
TX  79916 

1 President,  U.  S.  Army  Armor  & Engineer  Board,  ATTN:  STEBB-TD 
Ft.  Knox,  KY  40121 

1 President,  U.  S.  Army  Aviation  Test  Board,  ATTN:  STEBG-MT 
Ft.  Rucker,  AL  36360 

1 President,  U.  S.  Army  Field  Artillery  Board,  ATTN:  STEBA-TD 
Ft.  Sill,  OK  73503 

1 President,  U.  S.  Army  Infantry  Board,  ATTN:  STEBC-TE 
Ft.  Benning,  GA  31905 
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Copies 


To 
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1 Commander,  Anniston  Army  Depot,  ATTN:  AMXAN-QA,  Anniston,  Alabama  36202 

1 Commander,  Letterkenny  Army  Depot,  ATTN:  AMXLE-QA,  Chambersburg , PA  17201 

1 Commander,  Lexington-Bluegrass  Army  Depot,  ATTN:  AMXLX-QA,  Lexington,  KY 
40507  . * 

1 Commander,  New  Cumberland  Army  Depot,  ATTN:  AMXNC-QA,  New  Cumberland,  PA 
17070 

2 Commander,  Pueblo  Army  Depot,  ATTN:  AMXPU-Q,  Pueblo,  Colorado  81001 

1 Commander,  Red  River  Army  Depot,  ATTN:  AMXRR-QA,  Texarkana,  TX  75501 
1 Commander,  Sacramento  Army  Depot,  ATTN:  AMXSA-QA,  Sacramento,  CA  95801 
1 Commander,  Savanna  Army  Depot,  ATTN:  AMXSV-QA,  Savanna,  IL  61074 
1 Director,  AMC  Ammunication  Center,  ATTN:  AMXAC-DE,  Savanna,  IL  61074  . 

1 Commander,  Seneca  Army  Depot,  ATTN:  AMXSE-RG,  Romulus,  NY  14541 
1 Commander,  Sharpe  Army  Depot,  ATTN:  AMXSH-QE,  Lathrop,  CA  95330 
1 Commander,  Sierra  Army  Depot,  ATTN:  AMXSI-DQA,  Herlong,  CA  96113 

1 Commander,  Tobyhanna  Army  Depot,  ATTN:  AMXT0-Q,  Tobyhanna,  PA  18466  • 

2 Commander,  Tooele  Army  Depot,  ATTN:  AMXTE-QA,  Tooele,  UT  84074 

1 Chief,  Bureau  of  Naval  Weapons,  Dept  of  the  Navy,  Washington,  DC  20390 
1 Chief,  Bureau  of  Ships,  Dept  of  the  Navy,  Washington,  DC  20315 

1 Naval  Research  Lab,  ATTN:  Dr.  J.  M.  Krafft,  Code  8430,  Washington,  DC 
20375 

2 Commander,  Wright  Air  Development  Division,  Wright-Patterson  AFB,  OH 
45433 

ATTN:  ASRC 

1 Director,  Air  Force  Materiel  Laboratory,  ATTN:  AFML-DO-Library , 
Wright-Patterson  AFB,  OH  45433 

Director,  Army  Materials  and  Mechanics  Research  Center,  Watertown,  MA 
02172 

2 ATTN:  AMXMR-PL  . 

1 AMXMR-M 

1 AMXMR-P 

1 AMXMR-RA,  Mr.  F;  Valente 

2 AMXMR-MQ 

1 AMXMR-MS  • 

1 AMXMR-MN , Mr.  H.  Hatch 


